Whole-genome sequencing and PFGE analysis of Paraburkholderia ginsengiterrae DCY85
The species Burkholderia ginsengiterrae and Burkholderia panaciterrae were proposed by Farh et al. (2015a) and validly published on Validation List no. 166 (Farh et al., 2015b) . The B. ginsengiterrae and B. panaciterrae descriptions were based on the characterization of strains DCY85
T and DCY85-1 T , respectively, which were isolated from ginseng soil as antagonistic bacteria against the common root rot pathogen of ginseng, the fungus Cylindrocarpon destructans. It has been shown that the strains have highly similar (99.4 %) 16S rRNA gene sequences and identical recA and gyrB sequences. However, based on differences in their DNA G+C contents (66.0 and 59.4 mol% for DCY85
T and DCY85-1 T , respectively), some variations of their phenotypes, and the results of DNA-DNA hybridization (DNA relatedness: about 58-59 %), the strains were proposed as the type strains of two novel species of the genus Burkholderia.
It is rather unusual that bacteria have identical sequences of housekeeping genes, but have some differences in their 16S rRNA gene sequences and G+C contents of their DNA that differ so significantly, by 6.6 mol%. Therefore, it attracted our attention during revision of the taxonomic positions of some species of the genus Burkholderia, including B. ginsengiterrae and B. panaciterrae that have been proposed to be reclassified as Paraburkholderia ginsengiterrae comb. nov. and Paraburkholderia panaciterrae comb. nov. (Dobritsa & Samadpour, 2016) . It seemed to be interesting to find what evolutionary events resulted in such differences between the genomes of strains DCY85
T and DCY85-1 T .
The strains were obtained directly from the researchers who isolated and characterized them (Farh et al., 2015a) and, to compare their genomes, whole-genome sequencing was carried out. Genomic DNAs were isolated using the bacterial DNA purification kit (Pi Biologique) and the genome libraries were prepared using the Nextera XT DNA sample prep kit (Illumina). Genome sequencing was performed using a MiSeq desktop sequencer (Illumina) with a pairedend 2Â300 cycle MiSeq reagent kit. The shotgun reads were assembled using the SPAdes 3.5.0 software (Bankevich et al., 2012) , resulting in 393 and 253 contigs with 40-fold coverage for strains DCY85 T and DCY85-1 T , respectively. The draft genomes were annotated using RAST (Rapid Annotation using Subsystems Technology) server version 2.0 (Aziz et al., 2008; Overbeek et al., 2014) and the NCBI Prokaryotic Genome Annotation Pipeline.
The comparison of the generated draft genome sequences showed that they are much more similar that should be expected for different bacterial species. The draft genome sequences of strains DCY85
T and DCY85-1 T have total lengths of 8 533 592 and 8 483 388 bp, respectively, differing by 0.06 %. (It should be mentioned that the draft genome means that it is not complete, not finished and not errorless, and, therefore, minor variations between the presented results and the real data are not excluded.) Unlike the results obtained by Farh et al. (2015a) , the mean DNA G+C content values are also similar, 62.5 and 62.4 mol% for strains DCY85
T and DCY85-1 T , respectively, and there are no differences in 16S rRNA gene sequences of these strains. The similarities of the 16S rRNA gene sequences determined in this study to those of strains DCY85
T (accession number KF915802) and DCY85-1 T (accession number KF999960) determined by Farh et al. (2015a) are 99.5 and 99.6 %, respectively. No differences were found when the 1077-bp recA and 2472-bp gyrB gene sequences of strains DCY85
T and DCY85-1 T were aligned, which confirmed the conclusion of Farh et al. (2015a) that these genes are identical, on the basis of sequencing of their smaller fragments, the 564-bp recA fragment and the 686-bp gyrB fragment. The sequence of another housekeeping gene, rpoB, was also the same in both strains, and the comparison of the dnaA gene sequences showed that they are highly similar (99.9 %). These and other results presented above indicate that strains DCY85
T and DCY85-1 T may represent the same species. This conclusion was supported by the data from the whole-genome sequence comparison, average nucleotide identity (ANI) and digital DNA-DNA hybridization (DDH) values, using methods described by Goris et al. (2007) and Auch et al. (2010) . The ANI (similarity À 99.97 %) and DDH (99.9 %) values for these strains are significantly higher than the proposed cut-off ANI values of 95-96 % (Kim et al., 2014) and DDH value of 70 % (Wayne et al., 1987) for demarcation of bacterial species.
Pulsed-field gel electrophoresis (PFGE) analysis of DCY85 T and DCY85-1 T genomic DNA showed that these strains represent not only the same species, but that they may be clones of the same strain based on the guidelines on interpretation of the PFGE results (Tenover et al., 1995) . The PFGE patterns of DNA fragments generated by digesting the genomic DNAs of strains DCY85
T and DCY85-1 T with restriction endonucleases XbaI, AvrII and SpeI were indistinguishable (Fig. 1) . Strain JCM 19889 designated in the Japan Collection of Microorganisms as a descendant of strain DCY85-1 T , the type strain of B. panaciterrae, (Farh et al., 2015a) had the same PFGE pattern as well (Fig. 1) . The PFGE analysis was conducted as described by Dobritsa et al. (2010) .
As should be expected if clones of the same strain were studied, the analysis of biochemical traits of strains DCY85
T and DCY85-1 T also did not reveal any differences. Biochemical tests for carbon source utilization, enzymic activities and antibiotic resistance of these strains were examined using GN (Gram-negative) and GP (Gram-positive) cards of the VITEK 2 microbial identification system (bioM erieux) in accordance with the manufacturer's instructions. It should also be mentioned that according to the strain genome annotations, the strains share the same genes in the antimicrobial peptide production cluster, which may be responsible for their antifungal activity. Therefore, the combined results of the characterization of the type strains of P. ginsengiterrae and P. panaciterrae conclusively demonstrate that the species have not only linguistically synonymic names (ginsengiterrae and panaciterrae mean the same, soil from a ginseng field), but they are also taxonomic synonyms. To determine priority of one of these names, rule 24b (2) of Bacteriological Code, 1990 Revision (Lapage et al., 1992) might be used: 'Where two names previously published in other journals, are validated by announcement on the same Validation List in IJSB, priority is established by the sequence number on the List'. The new wording of the rule at the LPSN website (http://www.bacterio.net/-code.html) is practically the same. However, basonyms of P. ginsengiterrae and P. panaciterrae, B. ginsengiterrae and B. panaciterrae, have the same priority number on Validation List no. 166 (Farh et al., 2015b) , and priority of P. ginsengiterrae in this case was determined by the order of the name publications on the list. A. P. Dobritsa, K. K. Kutumbaka and M. Samadpour the genus Burkholderia. According to the descriptions of these genera by Sawana et al. (2014) , the DNA G+C content of members of the genus Paraburkholderia ranges from 61.4 to 65.0 mol%, while the DNA G+C content of species of the genus Burkholderia is in the range from 65.7 to 68.5 mol%. The DNA G+C content values of 11 species of the genus Burkholderia transferred by us to the genus Paraburkholderia (Dobritsa & Samadpour, 2016) , except B. panaciterrae and B. ginsengiterrae, are in the range from 61.8 to 64.4 mol%, corresponding to the description of the genus Paraburkholderia. The DNA G+C contents of B. panaciterrae DCY85-1 T and B. ginsengiterrae DCY85 T DNA determined by Farh et al. (2015a) were outside of the range given in the genus description (59.4 and 66.0 mol%, respectively), but the corresponding data determined in this study (62.4-62.5 mol%) confirm that the DNA G+C content values of members of the genera Burkholderia and Paraburkholderia members do not overlap, and this feature can be used as one of the traits for differentiation of these genera.
Emended description of Paraburkholderia ginsengiterrae (Farh et al. 2015 ) Dobritsa & Samadpour 2016 Paraburkholderia ginsengiterrae (gin.sen.gi.ter¢rae. N.L. n. ginsengum ginseng; L. n. terra soil; N.L. gen. n. ginsengiterrae of soil from a ginseng field).
Basonym: Burkholderia ginsengiterrae Farh et al. 2015, 3764. The description is as provided by Dobritsa & Samadpour (2016) that includes the basonym description (Farh et al., 2015a) , but the DNA G+C content value in the basonym description's sentence 'The G+C content of the genomic DNA is 66.0 mol%' should be replaced with the value of 62.4-62.5 mol%.
The type strain is DCY85 T (=KCTC 42054 T =JCM 19888 T ).
